Recent experiments show that the isospin-violating mass splitting of the B mesons is very small, but the best fits with a QCD sum rule analysis give a splitting of at least 1.0 MeV. The isospin-violating mass splittings of the charmed mesons, on the other hand, are in agreement with experiment. In this letter we show that the inclusion of 2 nd kind QED penguin diagrams can account for this discrepancy within the errors in the QCD sum rule method.
Introduction
The development of a gauge-invariant method for QED corrections to composite systems [1] has led to a consistent treatment within the QCD sum rule method of the three sources of isospin mass splittings: the current quark mass differences in the QCD Lagrangian, the nonperturbative QCD isospin violations which arise from u-d flavor dependence of vacuum condensates, and electromagnetic effects. The application of the method of Ref. [1] removed serious difficulties in earlier work on the isospin splittings of heavy-light mesons [2] . In a recent application [3] to the charm and bottom pseodoscalar and vector mesons, satisfactory agreement with the experimental mass splittings was obtained within the expected accuracy of the method.
However, although the D and D * isospin mass splittings were found consistent with experimental data, the theoretical result for the B + -B 0 mass difference was about -1.2
MeV, while the experimental value is 0.35 ± 0.29 MeV [5] . Since the nonperturbative QCD effects tend to be quite small for the B mesons, this difference between theory and experiment seems to be somewhat larger than expected.
Several years ago it was pointed out [6] that there is a novel electromagnetic effect which modifies the quark-gluon vertex in a manner analogous to the penguin mechanism which leads to a weak correction to the quark-gluon vertex. This vertex modification is referred to in Ref. [6] as an "electromagnetic penguin of the second kind", because the term "electromagnetic penguin" was previously applied to the weak corrections to the quark-photon vertex. From the analytic form of the vertex modification [6] , it is evident the the effect become increasingly important with increasing quark mass. We explore here the possibility that the neglect of this (second) QED penguin mechanism is the source of the discrepancy in the B isospin splitting found in Ref. [3] .
The main results of the present paper are to point out that it is straightforward to find the largest nonperturbative QCD/QED effect as well as perturbative effects arising from this QED penguin mechanism. We estimate the contribution of nonperturbative processes to the isospin-violating mass splittings of the D and B mesons and 
Nonperturbative QCD/QED Penguin Isospin-Violating Mass Splitting
Since the only isospin symmetry violating mechanism being considered in the present work is the (second) QED penguin vertex, it is convenient to take as the starting point of the QCD sum rules the correlators used for the heavy-light quark masses
[without isospin violations] [4] . For the pseudoscalar current
the pseudoscalar current correlator is
and
is the correlator for the vector current V µ (x) =:q(x)γ µ Q(x) :. In the QCD sum rule method the correlator Π(p 2 ) is evaluated in two ways: 1) it is calculated starting from QCD using the operator product expansion, and 2) it is treated phenomenologically by a dispersion relation.
In the QCD calculation, the QED penguin isospin violations are obtained by including the quark-gluon vertex modification, depicted in Fig. 1 ,
at appropriate places in the QCD evaluation. In Eq. 3, g is the quark-gluon coupling constant and V q , derived in Ref. [6] , is the penguin vertex modification.
Keeping terms up to dimension D = 5, the microscopic nonperturbative QCD evaluation of Π(p 2 ) can be written as
where the coefficient C I comes from the short distance correlation calculated using perturbative quark propagators,is the quark condensate, α s G 2 is the gluon condensate, q(σ · G)q is the mixed condensate and C n are the Wilson coefficients.
C I is calculated from the process shown in Fig. 2a plus other two-loop diagrams.
Since the graphs associated with the heavy-quark penguin vertices do not contribute to the mass splittings of interest in the present work, C I can be obtained by a simple modification of previous calculations [7] . Introducing the variable ω
one can show that the coefficients C 3 and C 4 are of the form
Since we eliminate these D=3 and D=4 processes in our sum rules, as we show below, we do not give the detailed results for C 3 and C 4 . The coefficient C 5 from the process of Fig. 2b is
for the pseudoscalar currents, and vanishes for the vector current. For the process of Fig. 2c the D=5 mixed condensate coefficient is
for both the pseudoscalar and vector currents.
Defining the Borel transformation by
and taking a derivative with respect to ω B one obtains for the nonperturbative penguin graphs through D=5
for the pseudoscalar and dΠ pen np
for the vector current. The Borel transformation of the D=3 and D=4 contributions [see Eq.6] are independent of ω B and therefore do not contribute. Since we are only considering isospin mass splittings in the present paper, the heavy quark vertex modification, V Q , does not contribute, and we can use the zero-mass vertex modification from Ref. [6] for V q . The vertex modification for V q in the limit of characteristic momenta larger than the Λ QCD is [6] 
with b=
(Note that Λ QCD is simply the relevant hadronic scale independent of quark masses and is not necessarily directly related to standard QCD quantities such as ΛM S .) The characteristic momentum of the heavy-light quark systems has been taken as the mass of the heavy quark, M Q .
After the Borel transformation [Eq. 9], the phenomenological forms of the correlators for the pseudoscalar and vector currents are
respectively, where Λ =
, M is the mass of the meson states, and ω p and ω v are the pseudoscalar and vector Borel parameters. Defining Π (0) as the correlator without the penguin processes, our sum rule for the mass shift due to the penguins, ∆M, is obtained by taking
for the pseudoscalar and
for the vector meson. The penguin expressions on the right-hand side of Eqs. 15 and 16 consist of the sum of the D=5 nonperturbative terms given in Eqs. 10 and 11 and the perturpative contributions given by dΠ pen P.T.
where ω is given by Eq. 5 with s=q 2 , and s 0 is the threshold parameter for the continuum. The expression for the perturbative correlator, C I , can be obtained from the results given in Ref [7] and are found in Ref [2] .
where x=M 2 Q /s and l(x) is the Spence function [7] .
We use the results of the sum rule analysis without the penguins [4] to fix the parameters needed for our estimate of the mass shifts due to the QED penguins. 
The perturbative contributions are sensitive to the choice of the threshold parameter, s 0 . The values of the threshold parameter which we use are taken from a study of the continuum in Ref [4] . The are 1.8-2.1 GeV 2 for the D and 5.0-6.3 GeV 2 for the B systems. We find for the perturbative contributions: 
in agreement with experiment [5] 
Conclusions
In the present analysis we have shown that the QED penguins are of the proper magnitude to account for the experimental result that there is essentially no isospin mass splitting in the pseudoscalar B meson systems. From Eq.12, it is evident that the QED penquin contributions are much larger for the B than for the D systems, and that the good results of Ref. [3] for the D system are not modified. We conclude that the QCD sum rule method can account for the heavy-light meson isospin mass splitting with the parameters that have been used for light quark systems.
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